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SPECIFICATION 



STATOR HAVING REDUCED FORCES AT GENERATOR STATOR KEY 
BAR AND METHOD FOR FORMING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to electric power generators and, more 
5 particulariy, to a stator having reduced forces transmitted by a dovetail 
connection between a stator core and a stator frame and a method for forming 
the same. 

A stator of an electric power generator generally includes a stator core 
and a stator frame. The stator core typically has a cylindrical shape and 

h* 10 consists of a stack of insulated steel laminations. Each lamination is a 

O 

Q segment of a full circle that has slots on its inner diameter to accommodate a 
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stator winding and dovetail slots on its outer diameter. 



O The stator frame has plurality of key bars connected thereto, each key 



bar having a dovetail to provide structural support for the stator core. During 
pjj 1 5 the assembly of the stator core, each lamination is installed into the stator 
frame by engaging a dovetail slot onto a corresponding key bar dovetail. 
Sufficient clearance must be provided between the key bar dovetails and the 
faces of the lamination which form the corresponding dovetail slots to allow for 
the easy assembly of the stator core considering the location and dimensional 
20 tolerances of the key bar and laminations. The clearance between the three 
faces of the key bar dovetail and the opposing faces of the corresponding 
lamination forming the dovetail slots varies randomly due to the random 
location of the key bar dovetail within its location tolerance along the length of 
the key bar. Due to this variable clearance, the actual contact locations 
25 between the key bar dovetail and the corresponding lamination (and hence 
the contact locations between the stator frame and the stator core) is 
randomly distributed. 

When force loads are applied between the stator core and the stator 
frame, the loads are transmitted through the randomly distributed contact 
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points. The magnitude of the force of a load at each contact point is a 
function of the stiffness at that contact point, if the stiffness is high at a 
particular contact point, then the magnitude of the forces at that point are 
high. 

It would thus be beneficial to control the location of the contact points 
between the stator core and the stator frame. Specifically, it would be 
beneficial to control the location of the contact points between the key bar 
dovetails connected to the stator frame and the corresponding laminations 
which include the respective dovetail slots into which each dovetail is 
engaged. By controlling the locations of the contact points so that they are 
arranged at a known locations {and hence known stiffness), the interface 
force transmitted between the stator core and the key bar (and hence stator 
frame) can be evenly distributed and the maximum value of this interface 
force can be reduced. By reducing the maximum value of the interface force, 
the reliability of the connections can be increased. 

BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment of the invention, a method of forming a 
stator comprises providing a stator frame having a frame plate, connecting a 
plurality of key bars to the frame plate at respective connection points, each of 
the key bars having a dovetail, and providing a stator core comprising a 
plurality of laminations each having a dovetail slot formed therein. Each 
dovetail is engaged into a respective dovetail slot so that at least some of the 
dovetails contact respective laminations at respective contact points. The 
respective locations of the contact points are controlled such that a force load 
transmitted by the contact points is evenly distributed among the contact 
points. The locations of the contact points are also controlled such that the 
key bar stress at the connection points between the key bars and the frame 
plate is minimized and a stiffness of all of the contact points is equal. The 
stiffness is controlled by varying a distance between the contact points and 



the frame plate. The stiffness can be reduced by arranging the location of a 
contact point further away from the frame plate. 

The locations of the contact points are controlled by varying a cross- 
sectional area of the dovetail slots such that at least two of the laminations 

5 respectively have dovetail slots with different cross-sectional areas. The 
locations of the contact points can be controlled by increasing the size of the 
dovetail slots in those laminations where a contact point is not desired and 
decreasing the size of the dovetail slots in those laminations where a contact 
point is desired. Alternatively, the locations of contact points can be 

10 controlled by respectively arranging wedges within some of the dovetail slots 
to form contact points between the dovetail and the respective laminations. 
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!a| In another exemplary embodiment of the present invention, a stator 

comprises a stator frame having a frame plate, a plurality of key bars 
0 connected to the frame plate at respective connection points, each of the key 

3 15 bars having a dovetail, and a stator core comprising a plurality of laminations 

4 each having a dovetail slot formed therein. Each of the dovetails engages 
if into respective dovetail slots so that at least some of the dovetails contact 
U respective laminations at respective contact points, the contact points being 

located such that a force load transmitted by the contact points is evenly 
20 distributed among the contact points. 

The contact points have locations such that key bar stress at the 
connection points is minimized and a stiffness of all the contact points is 
equal. The respective cross-sectional areas of the dovetail slots vary such 
that at least two of the laminations respectively have dovetail slots which have 
25 different cross-sectional areas. The cross-sectional areas of the dovetail slots 
in those laminations where contact points are not desired is larger than 
respective cross-sectional areas of the dovetail slots in those laminations 
where contact points are desired. Alternatively, the stator can further 
comprise wedges which are respectively arranged within some of the dovetail 
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slots to form contact points between the dovetail and the respective 
lamination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These, as well as other advantages of this invention, will be more 
completely understood and appreciated by careful study of the following more 
detailed description of the presently preferred exemplary embodiments of the 
invention taken in conjunction with the accompanying drawings, in which: 

FIGURE 1 is a partial cross-sectional view of a stator in accordance 
with an exemplary embodiment of the present invention; 

FIGURE 2 is a cross-sectional view take along line 2-2 of the of FIG. 1 ; 

FIGURE 3 is a cross-sectional view taken along line 3-3 of FIG. 1; 

FIGURE 4 is a partial cross-sectional view of a stator in accordance 
with an alternate exemplary embodiment of the present invention; 

FIGURE 5 is a cross-sectional view take along line 5-5 of FIG. 4; 

FIGURE 6 is a cross-sectional view taken along line 6-6 of FIG. 4; 

FIGURE 7 is a cross-sectional view taken along line 7-7 of FIG. 5; 

FIGURE 8 is a histogram of the contact force for a generator using a 
conventional assembly method; 

FIGURE 9 is a histogram of the key bar moment for a generator using 
the conventional assembly method; 

FIGURE 10 is a histogram of the contact force for a generator using an 
assembly method embodying the invention; and 
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FIGURE 1 1 is a histogram of the key bar moment for a generator using 
an assembly method embodying the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a partial cross-sectional view of a stator 1 of an electric 
5 power generator in accordance with an exemplary embodiment of the present 
invention. The stator 1 includes a stator core 20 formed by a plurality of 
stacked laminations 22 and a stator frame 10. The stator frame 10 has one or 
more frame plate 16 which is connected to a plurality of key bars 12 at 
respective connection points. Each of the laminations 22 has slots (not 
10 shown) on its inner diameter to engage a stator winding and dovetail slots 24 
(see Fig. 3) on its outer diameter. Each key bar 12 connected to the stator 
frame 10 has a dovetail 14 (see Figs. 2-3) which engages into a respective 
dovetail slot 24 of each lamination 22. 

Referring now to Figs. 2-3, the cross-sectional areas of the respective 
15 dovetail slots 24 are not uniform. For example, the stator core 20 comprises a 
plurality of laminations 22 (one of which is illustrated in Fig. 3) which 
respectively include dovetail slots 24 having a relatively large cross-sectional 
area such that the dovetails 14 of the key bars 12 respectively inserted therein 
do not contact the laminations 22. In contrast, the lamination 22 illustrated in 
20 Fig. 2 includes a dovetail slot 24 having a relatively smaller cross-sectional 
area such that the dovetail 14 of the key bar 12 engaged therein contacts a 
portion of the lamination 22. This contact between the key bar 12 and 
respective lamination 22 forms one of the contact points that define an 
interface between the stator core 20 and the stator frame 10. The stator core 
25 20 includes a plurality of laminations 22 which include the smaller dovetail slot 
24 illustrated in Fig. 2, thus defining a plurality of contact points between the 
stator core 20 and the key bars 12 (and hence a plurality of contact points 
between the stator core 20 and the stator frame 10) along the longitudinal 
direction of the stator core 20. The location of these contact points can be 
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selectively controlled. For example, the size of the dovetail slot 24 in a 
lamination 22 can be increased for locations where a contact point is not 
desired (as in Fig. 3) and decreased for locations where a contact point is 
desired (as in Fig. 2). 

The stiffness at a contact point can be controlled by the location of the 
contact point relative to the frame plate 16. The stiffness can be reduced by 
locating the contact point further away from the frame plate 16 and increased 
by locating the contact point closer to the frame plate 16. For example, the 
lamination 22 that is located a distance "A" (see Fig. 1) from the frame plate 
16 includes a dovetail slot 24 which is small enough to define a contact point. 
This contact point has a certain stiffness. If this lamination 22 having this 
smaller dovetail slot 24 was arranged at a distance greater than "A" from the 
frame plate 16, then the contact point defined therein would have a reduced 
stiffness. 

The stress at the each connection point between a respective key bar 
12 and the frame plate 16 is proportional to the moment at that location. The 
moment is proportional to the force at the contact point between the stator 
core 20 and each key bar 12 and to the distance between the frame plate 16 
to the contact point. 

Force loads are applied between the stator core 20 and the stator 
frame 10. The force loads that the interface between the stator core 20 and 
the key bars 12 connected to the stator frame 10 must transmit fall into one of 
two categories, fixed force loads and fixed deflection loads. Dead weight and 
generator torque are considered fixed force loads. Stator core vibration loads 
and relative thermal expansion loads are considered fixed deflection loads. 

If the dead weight alone is considered, the sum of the contact forces 
between the stator core 20 and the key bars 12 must equal the stator core 
weight If the locations (and hence stiffness) of all of the contact points 



between the stator core 20 and the key bars 12 are controlled so that the 
stiffness of all of the contact points is equal, then the load will be uniformly 
distributed among all of the contact points and the maximum value of the 
force transmitted through the contact points will be minimized. The same can 
be said for the torque load. That is, if the location and hence stiffness of the 
contact points are controlled so that the stiffness of all of the points is equal, 
then the load will be uniformly distributed among all of the contact points and 
the maximum value of the torque load will be minimized. 

Since the stator core deflection and relative thermal expansion loads 
are fixed displacement loads, the interface force between the stator core 20 
and the key bars 12 due to each of these loads is a function of the stiffness of 
the contact point between the key bars 12 and the stator core 20. As noted 
above, the stiffness can be reduced by locating the contact points further 
away from the frame plate 16. If the stiffness is reduced, the interface force 
between the stator core 20 and the key bars 12 due to these loads can be 
reduced and controlled such that an interface force is evenly distributed 
among the contact points. 

The contact locations between the stator core 20 and the key bars 12 
along the longitudinal direction of the stator core 20 can be optimized to 
minimize the interface force and the key bar stress at the frame plate 16. The 
contact points should be chosen to have a uniformly low stiffness. This 
stiffness, however, is limited by the stress due to the moment at the 
connection point between the key bar 12 and frame plate 16. As noted 
above, the interface force can be evenly distributed among the contact points 
by selectively controlling the locations thereof to reduce a maximum value 
thereof. 

Figs. 4-7 illustrate an alternate exemplary embodiment of the present 
invention. Specifically, Fig. 4 illustrates a stator 1 that includes a stator core 
20 formed by a plurality of stacked laminations 22. The laminations 22 are 



similar to those illustrated in Fig. 1 except that the dovetail slots 24 
respectively formed therein may have substantially the same cross-sectional 
area. The cross-sectional area of each of the dovetail slots 24 may be large 
enough so that there is no direct contact between the key bars 12 and the 
5 laminations 22 (see Figs. 5-6). 

As illustrated in Figs. 5 and 7, wedges 26 are placed within at least 
some of the dovetail slots 24 so that contact points are established between 
some of the key bars 12 and the stator core 20. The location of these contact 
points along the longitudinal direction of the stator core 20 can be controlled 
10 by selectively choosing which of the laminations 22 include dovetail slots 24 
having the wedges 26 inserted therein. As discussed above, the locations are 
controlled to evenly distribute the interface force between the key bars 12 and 
j t g the stator core 20 and thus reduce a maximum value thereof. 
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*,0 Figure 8 is a histogram that illustrates the calculated contact force 

1 5 distribution for a conventional generator where no attempt is made to control 

! y the contact locations between the stator core 20 and the dovetails 14 of the 

I* 

m respective key bars 12. Figure 9 is a histogram that shows the calculated key 

lis bar moment at the connection point between the key bars 12 and the frame 

plate 16 for the same conventional generator assembly ,method. In contrast, 
20 Figure 10 is a histogram that illustrates the calculated contact force 
distribution for a generator using the assembly method of the present 
invention where the contact locations between the stator core 20 and the key 
bars 12 are confined to certain optimized distances from the frame plate 16. 
Figure 11 is a histogram that shows the key bar moment at the frame plate 16 
25 for the generator assembled using the assembly method of the present 
invention. As those skilled in the art will appreciate, a reduction in the 
maximum value of both the contact force (Fig. 10) and key bar moment (Fig. 
1 1 ) is achieved for the optimized design of the present invention. 
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While the invention has been described in connection with what is 
presently considered to be the most practical and preferred embodiment, it is 
to be understood that the invention is not to be limited to the disclosed 
embodiment but on the contrary, is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
appended claims. 



